SUMMARY The rate of enterohepatic cycling of cholic acid and chenodeoxycholic acid was determined in five male subjects. Pool sizes were measured by isotope dilution technique after intraduodenal administration of 14C-labelled cholic and chenodeoxycholic acid. The hourly hepatic secretion rate of bile acids was determined by an intestinal perfusion technique. From these data the cycling frequency was calculated. Chenodeoxycholic acid circulated on an average 1-34 (range, 1 13-1 57) times faster than cholic acid, probably because chenodeoxycholic acid to a larger extent than cholic acid is absorbed from the proximal small intestine and thus partly bypasses the hepaticoileal circuit. This difference in cycling rate may have methodological as well as physiological implications.
Several studies have shown that biliary lipid composition is influenced by the types of bile acids in the enterohepatic circulation. Saturation of bile with cholesterol is decreased when bile contains predominantly chenodeoxycholic acid (CDCA) and is increased when cholic acid, and its derivative deoxycholic acid, are the major bile acids. Therefore, differences in the metabolism of these bile acids could be important in the regulation of the lipid composition of bile.
Several diffexences in the kinetics of cholic acid and CDCA have already been observed. It has been reported, for example, that the fractional turnover rate of cholic acid in the enterohepatic circulation exceeds that of CDCA. Another finding is that, after a meal, CDCA and deoxycholic acid show an earlier and more prolonged rise in serum concentrations compared with cholic acid (Angelin and Bjorkhem, 1977; Pennington et al., 1978; Ponz de Leon et al., 1978) . A possible explanation for this difference in response could be that hepatic clearance of dihydroxy bile acids is less efficient than for cholic acid. However, another possibility is that after a meal there is a more rapid influx of dihydroxy acids from the intestine due to passive absorption from the jejunum. If this 'short-circuiting' of CDCA and deoxycholic acid is of quantitative importance, it should mean 'Address for reprint requests: Kurt A. Einarsson, MD, Department of Medicine, Serafimerlasarettet, S-112 83 Stockholm, Sweden. Received for publication 8 October 1979 that these bile acids circulate through the enterohepatic circulation at a greater rate than cholic acid.
To examine this possibility, pool sizes and secretion rates of cholic acid and CDCA were determined in five subjects, and from these data the cycling frequency of each was calculated. Our results show that CDCA circulates at a higher rate than cholic acid.
Methods

SUBJECTS
Five white men volunteered for this study, which was carried out on the Special Diagnostic and Treatment Unit of the Veterans Administration Hospital, San Diego, California. Clinical data are given in Table 1 . All subjects had normal bowel function and clinically intact enterohepatic circulation. The gallbladder was shown to be free from stones either by abdominal echography or by oral cholecystography. One patient had mild hypertriglyceridaemia and two were obese. At the time of study, all patients had normal routine tests of liver function. None of the subjects was taking hypolipidaemic or antibiotic drugs.
Subjects 1 to 4 were maintained at a constant weight with an ad libitum diet of solid type, containing about 40 % of the calories as fat. Subject no. 5 was in the hospital primarily for weight loss taking a 960 kcal diet of a liquid formula (Sustacal, Mead Johnson, Evansville, IN) . al., 1977) .
Ratios between glycine and taurine conjugated bile acids (G/T ratio) were determined in the proximal samples. The conjugated bile acids were separated by TLC. The plate was developed in isopentyl acetate-propionic acid-n-propanol-water (30:30:20: 15), dried and stained with iodine vapour. The gel containing the bands with glycine and taurine conjugated bile acids was scraped off separately and eluted with methanol. Bile acid concentration was measured by enzymatic method and the G/T ratio was calculated.
POOL SIZES OF BILE ACIDS
These were measured simultaneously with hepatic secretion rates as described recently (Grundy, 1975) .
[24-14C] cholic acid (5 gCi) and [24-14C] chenodeoxycholic acid (5 jCi) (New England Nuclear, Boston, Mass), dissolved in 10 ml ethanol, were flushed through the distal outlet with water at the beginning of formula infusion. After four hours of equilibration with the endogenous pool of bile acids the specific radioactivity was determined for cholic acid and CDCA on hourly samples over the next eight hours. After deconjugation, the methyl esters of the bile acids were separated by thin layer chromatography using isooctane-ethyl acetate-acetic acid (10:10:2) as solvent. The bile acid bands were identified with iodine vapour. The gel containing the bands with cholic acid and CDCA was scraped off separately and eluted with methanol. One aliquot of the eluate was assayed for radioactivity. Another aliquot was evaporated, converted to the trimethylsilyl ether, and analysed by gas-liquid chromatography on 1 % Hi-Eff 8 BP column. The specific radioactivity was calculated as cpm per mg of bile acid.
The bile acid pool size was calculated as radioactivity injected/average value of bile acid specific activity over the collecting period. This measurement of the bile acid pool size was based on the following assumptions: (1) that no significant amount of isotope was lost before complete mixing had occurred; (2) that the isotope was completely mixed with the endogenous bile acid; (3) that new synthesis of bile acid during the collection period was small compared The G/T ratio was within normal limits in all subjects (Table 2 ) and appeared to reflect neither the daily secretion nor the recycling rate of the bile acids.
Discussion
Previous studies have shown that the fractional turnover rate of CDCA is lower than that of cholic acid because of a better intestinal conservation. Thus, for given synthesis rates of the two bile acids, the pool size is larger for CDCA than for cholic acid. In most reports, cholic acid and CDCA are synthesised in a ratio of about 1 5-20:1, and ratios between the pool sizes are usually 1 0-15:1. For some unexplained reason, the CA:CDCA ratio in the present study was consistently below 1-0. Low ratios have been described for patients with cirrhosis of the liver and with hypercholesterolaemia, but our subjects showed no evidence of either disorder.
The better intestinal conservation of CDCA compared with that of cholic acid may be the result of a more efficient absorption of the former bile acid. Studies in rats have shown that less polar bile acidsin particular, glycine conjugated dihydroxy bile acids-can be absorbed by passive diffusion along the whole length of the small intestine; whereas the more polar bile acids, particularly the taurine conjugated trihydroxy bile acids, are absorbed only by active transport from the distal ileum (Dietschy, 1968; Schiff et al., 1972) . These findings have been confirmed also for man. Direct, as well as indirect, measurements of bile acid absorption have shown that dihydroxy bile acids, preferentially glycine conjugated, are absorbed from jejunum (Hislop et al., 1967; Krag and Phillips, 1974; Angelin et al., 1976; Hardison, von Bergmann and Grundy, unpublished) . All types of bile acids can be absorbed from the terminal ileum, but the active transport is more rapid for trihydroxy than for dihydroxy bile acids (Krag and Phillips, 1974 (Angelin and Bjoikhem, 1977; Pennington et al., 1978; Ponz de Leon et al., 1978) .
It has earlier been proposed that an enhanced cycling frequency of bile acids diminishes the pool because a certain percentage of the pool is lost with each circuit and, furthermore, a high cycling rate means a high flux of bile acids through the liver which suppresses synthesis (Low-Beer and Pomaie, 1973; Northfield and Hofmann, 1973; Mok et al., 1977) . Indeed, in most reports CDCA has a lower synthesis rate and a smaller pool size than cholic acid; for some reason, this was not the case in the present study. In spite of enhanced cycling frequency, CDCA has a lower fractional turnover rate than cholic acid, which may depend on a more complete absorption from the intestine due to the uptake from the proximal intestine. Furthermore, the portion of CDCA which is absorbed proximal to this site escapes 7 a-dehydroxylation in the colon, which may also contribute to the better conservation and the lower fractional turnover of CDCA compared with cholic acid.
The jejunal absorption of biie acids may be of great importance in patients with defective ileal absorption of bile acids. The ratio of glycine-taurine conjugated bile acids is greatly increased after ileectomy, and it has been suggested that this predominance of glycine conjugat d bile acids is partly due to the more efficient jejunal absorption of glycine conjugated than taurine conjugated bile acids with selective loss of the latter (Dowling, 1972) .
The proximal absorption of bile acids may also be of importance during bile acid feeding, as the reserve of the ileal transport system seems to be small especially for dihydroxy bile acids (Krag and Phillips, 1974) . The G/T ratio increases during bile acid feeding because of the limited supply of taurine but probably also because of an enhanced conservation of glycine conjugated bile acids.
Finally, the different cycling rates of cholic acid and CDCA may also have consequences for the method of determining total bile acid pool size described by Grundy (1975) . In Table 4 , we have calculated the total bile acid pool for the subjects, assuming that deoxycholic acid, ursodeoxycholic acid, and lithocholic acid circulated at the same rate Table 4 Total bile acid pool in subjects calculated (I) according to Grundy (1975) as CDCA, which is reasonable for at least the two former bile acids as they are of about the same polarity as CDCA. The pool sizes of these bile acids were calculated from their ratios to CDCA in bile and the mean total bile acid pool was determined to be 2754 ±425 mg. This pool size value was compared with that obtained with the method described by Grundy (1975 (Table 4) . Thus, if only labelled cholic acid is used, then accuracy is increased by using the correction factor. However, it should be pointed out that an accurate measurement of the total bile acid pool size by the technique used in this study requires determination of the pool sizes of the individual bile acids.
